Deoxyribonucleic acid (DNA)-dependent ribonucleic acid (RNA) polymerase (EC 2.7.7.6) Kleppe, 1975) . In an attempt to understand the mechanism of inhibition by salt, the effect of ionic strength on the sedimentation properties of the enzyme was investigated. At low ionic strength, enzyme species with sedimentation coefficients, S20,W, of 5.8S, 12.4S, and 19.3S were present. In buffers with higher ionic strengths the relative amounts of the 12.4S species decreased. It is suggested, therefore, that the inhibition of activity at higher salt concentrations is caused by a decrease in concentration of the active enzyme species.
from E. coli was found, and furthermore no separation between the ,B subunits could be detected by gel electrophoresis. A number of different DNAs were transcribed by the enzyme from A. calcoaceticus. Maximal RNA synthesis occurred at pH 8.7, 10 mM Mg2+, or 0.3 mM Mn2+ and at a total ionic strength of 0.1. Higher ionic strengths led to increasing inhibition of transcription, and at A = 0.4 complete inhibition was observed. The mechanism of inhibition of salt was not related to the initiation event as observed with T4 core RNA polymerase (R. Kleppe, 1975) . In an attempt to understand the mechanism of inhibition by salt, the effect of ionic strength on the sedimentation properties of the enzyme was investigated. At low ionic strength, enzyme species with sedimentation coefficients, S20,W, of 5.8S, 12.4S, and 19.3S were present. In buffers with higher ionic strengths the relative amounts of the 12.4S species decreased. It is suggested, therefore, that the inhibition of activity at higher salt concentrations is caused by a decrease in concentration of the active enzyme species.
It is now widely accepted that the enzyme responsible for the transcription of genetic material is deoxyribonucleic acid (DNA)-dependent ribonucleic acid (RNA) polymerase (EC 2.7.7.6). This enzyme has been isolated from both prokaryotes and eukaryotes (5, 14) . Differences in subunit composition and enzymatic properties have been observed with the enzyme obtained from various sources. Despite intensive research efforts in numerous laboratories, many aspects of the action of RNA polymerase are still poorly understood. Before any general conclusion can be made this enzyme must be purified from a wide variety of organisms and its mechanism of action studied in detail.
We have recently described some aspects of DNA synthesis in the bacterium Acinetobacter calcoaceticus (21, 22) . A number of reports have also recently appeared on the physiology, metabolism, and taxonomy of this organism (2, 15, 25, (28) (29) (30) (31) . The pyrimidine metabolism is quite different from that of Escherichia coli (22) , and it resembles that of Neisseria meningitidis (16, 17) ; both organisms are incapable of incorporating exogenous thymine or thymidine into their DNA. The DNA can, however, be labeled quite efficiently with uracil (22) . This laboratory has for some time been interested in the influence of ionic conditions, i.e., effect of salts and polyamines, on enzymes involved in the nucleic acid metabolism. Concerning RNA polymerizing enzymes, we have shown that salt has different effects on the RNA polymerase from T4-infected and from uninfected E. coli (18) . The T4 core enzyme is inhibited by salt, whereas the enzyme from E. coli is slightly stimulated. Preliminary in vitro studies on the role of RNA in the initiation of DNA synthesis in A. calcoaceticus revealed some unusual properties of RNA polymerase from this organism, particularly its salt sensitivity. The present work describes the purification and some properties of RNA polymerase from A. calcoaceticus. The enzyme resembles that from T4-infected cells both in the absence of a a factor and its sensitivity toward salt.
However, the mechanism of inhibition by salt of the two enzymes seems to differ. ['Hjuridine 5'-triphosphate (specific activity, 15 Ci/ mmol) and [14C]cytidine 5'-triphosphate (specific activity, 425 mCi/mmol) were from Amersham Radiochemicals. All triphosphates were checked for purity by paper chromatography in solvent systems previously described (19 Results) . The specific activity and subunit composition were as described by Burgess (4) .
MATERIALS AND METHODS
RNA polymerase assay. The standard RNA polymerase assay contained 40 Lowry et al. (20) . RESULTS Purification of the enzyme. A. calcoaceticus was grown in tryptone medium at 37 C, and the cells were harvested in late logarithmic phase and stored at -20 C. RNA polymerase was prepared by a procedure modified from that of Chamberlin and Berg (7). All operations were carried out at 4 C if not otherwise stated.
Usually 150 g of cells was used. This was mixed with 200 g of glass beads and 100 ml of buffer I consisting of 50 mM Tris-hydrochloride (pH 8.0), 10 mM s-mercaptoethanol, 0.1 mM EDTA, and 5% glycerol. After mixing at high speed in a Waring blender, the glass beads were separated and washed with an additional 50 ml of buffer I. The cell debris was then removed by centrifugation at 10,000 x g for 30 min. The supernatant fluid was made 10 mM with respect to MgCl,, and 2 mg of both pancreatic RNase and DNase was added. This mixture was stirred for 45 min at room temperature and then subjected to centrifugation at 54,000 x g for 2 h. Precipitation with streptomycin and protamine was carried out as described (7), with the exception that the final concentration of protein was 15 mg/ml and the concentrations of streptomycin and protamine were 0.1 and 0.2%, respectively. The pellet was washed twice with 40 ml of buffer I containing 0.1 M MgCl, and then twice with 60 ml of buffer I containing 0.1 M (NH4),SO. The RNA polymerase activity was found in the last two washings. These were combined and the RNA polymerase was precipitated with 60% saturated (NH4),SO4. The precipitate was dissolved in buffer I and applied to a column of agarose In some preparations chromatography on an O-(diethylaminoethyl) cellulose column was used instead of a DNA-cellulose column. The enzyme obtained by this method was less pure, but the general properties were the same.
Subunit composition and molecular weight. Aliquots from the purification steps were examined by SDS-gel electrophoresis and compared with RNA polymerase isolated from E. coli prepared by the same procedure; the results for the purified enzyme from A. calcoaceticus are shown in Fig. 2 calcoaceticus. The molecular weights of the subunits were estimated by using other proteins of known molecular weights in addition to RNA polymerase from E. coli, namely, bovine serum albumin, catalase, myoglobin, and ferritin. The molecular weight values obtained for the ,B and a subunits were 150,000 and 37,000, respectively. The error of this method has been reported to be i5% (8) .
The molecular weight of the native enzyme was studied by gel filtration and by ultracentrifugation. Gel filtration on a column of agarose 1.5 M (2.6 by 89 cm) gave one single component with respect to activity, and the elution volume was approximately the same as that of core RNA polymerase from E. coli, suggesting that the molecular weights of the active forms of these enzymes are similar. The respective elution volumes for these enzymes were 230 and 205 ml. It is well known that the RNA polymerase from E. coli can exist in several different molecular species under different ionic conditions (5) . To see whether the same was true with the enzyme from A. calcoaceticus, the latter enzyme was subjected to analytical ultracentrifugation at 59,780 rpm at 20 C. At low ionic strength, i.e., no KCl present, three protein peaks with sedimentation coefficients, S20, W, of 5.8S, 12.4S, and 19.6S were found. The ratio between these was approximately 40:20:40. In the presence of 0.2 M KCl, at which approximately two-thirds of the activity was lost (see below), the 12.4S species had almost disappeared with a concomitant increase in the amounts of the 5.8S and 19.6S species. At very high ionic strength, i.e., 0.5 M KCl, neither the 12.4S nor the 19.6S species was present. In this case species of 9.OS and 14.8S were found in addition to the 5.8S species.
Transcription of different DNAs. The RNA polymerase from A. calcoaceticus and E. coli behaved differently with regard to concentration of DNA in the assay system. RNA polymerase from A. calcoaceticus showed maximal transcriptional activity at 20 Mg of its own DNA per ml and 50 ug of calf thymus DNA per ml (Fig. 3) (Fig. 4) calcoaceticus. This is demonstrated in Fig. 5 , which shows the time course of the transcription of three different DNAs, calf thymus, T7, and A. calcoaceticus, in the absence and in the presence of salt. In all cases a marked inhibition was noted. When salt was added after initiation had occurred, synthesis of RNA also stopped abruptly (Fig. 6) . The dependence on the salt concentration was further investigated, and the results shown in Fig. 7 indicate that optimum transcription occurred at 0.05 M KCl. The total ionic strength at this salt concentration was estimated to be ju = 0.1. Higher concentrations of KCl inhibited the catalytic activity, and at 0.4 M KCl no transcription took place.
Effect of inhibitors. Several compounds are now known that will inhibit the initiation process or the elongation of RNA chains. Rifampin and streptolydigin are good examples of these types of inhibitors, and their effects on RNA polymerase from E. coli have been thoroughly studied (5) . Both of these compounds were found to inhibit transcription of several types of DNA by polymerase from A. calcoaceticus (Fig.  8) . The delay observed in inhibition with rifam- pin in the present work is consistent with an effect at the initiation process. An effect at propagation with a slight lag period would, however, also explain the data. With streptolydigin no lag period was detected, strongly suggesting that this compound inhibits the elongation process. Thus the mechanism of inhibition by these compounds appears to be similar to that described for RNA polymerase from E. coli.
DISCUSSION
In the present work, DNA-dependent RNA polymerase from A. calcoaceticus was purified to apparent homogeneity. The purification procedure includes treatment with RNase and DNase. If this step was omitted, the yield of RNA polymerase was extremely low and the enzyme isolated contained large amounts of nucleic acids. After treatment the nucleases were removed by gel filtration, and final purification of the enzyme was achieved by using chromatography on a DNA-cellulose column.
The clearly be detected. The two enzymes can thus be separated by the DNA-cellulose technique, and component II is clearly the holoenzyme from E. coli. It is therefore unlikely that the absence of a factor in the A. calcoaceticus enzyme is caused by proteolytic enzymes.
The effect of salt on RNA polymerase from A. calcoaceticus appears to be a unique feature. It is not specifically related to initiation of RNA synthesis as observed with T4 RNA polymerase (18) . In the case of the normal RNA polymerase from E. coli, it is known that the ionic strength influences: (i) the equilibrium between the monomeric and the dimeric forms (6, 32); (ii) the initiation and termination process (3, 9, 27) ; and (iii) the binding of the enzyme to the template (24) . Regarding the first point, it is now recognized that in low-ionic-strength buffers RNA polymerase from E. coli exists in a 21 to 24S form (6, 32 Recently a new RNA polymerase, holoenzyme II, has been isolated from E. coli (10, 13) . The difference between this enzyme and holoenzyme I, the normal RNA polymerase, is not clear but may be related to the different a factors associated with these two enzyme species. The effect of salt on transcription observed for RNA polymerase from A. calcoaceticus in the present work resembles that described for the holoenzyme II from E. coli as well as from T4-infected E. coli. The physiological significance of the marked salt sensitivity of these RNA polymerases is not clear, and further experiments are needed to elucidate these aspects in more detail.
